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10002] The invention relates to a process for the multi-stage production of diffusion- 

toa asolder ed joints for power components with semiconductor chips, and to a power 
electronic component. 

||My^ Diffusion -^^^-'^H^-ed joins arc known from document DE 195 32 250 A 1 and arc 
used to produce a thermally stable joint by means of diffusion- >-o ing. ...For this 
purpose, a first body is coated with a high-melting metal and a second body is coated with a 
low-melting metal. ..Then, the two bodies can be joined by a diffusion- -^--..M-bscd joint at a 
predetermined temperature and under a predetermined contact pressure. .. In a diffusion- 
cd join , high-melting intermetallic phases are formed, the melting points of which 
are higher than the melting point of the low-melting metal... The known process can be used 
to produce individual thermally stable joints in a power electronic component. 

However, a power electronic component has a plurality of joints, which have to be 
realized in multi-stage processes. ..This produces unreliable joints. 



WH-r44i^4Hvffi tion io provide a ptoo ^v <■ 
1 



The object is a€hieva 44>v--UH--^if^e^^ :\-if-^^» 

Summary 

J l^^[^^l.3M^}^^..M... : ^ e> invention provides a process for the multi-stage 
production of diffusion-^ as< o ■.-.red joims on a carrier underside and carrier top side to a 
substrate for the carrier underside and a further substrate for the carrier top side, fe 

sMe4e-a^ehip islan d of a substrate and a semiconductor chip top-sy»4&-«6mfa^^HH^h4i^ef«^ 

[OOO^LFk-atr-ef -ajiL- aA first side of a carrier or semiconductor is coated with a first diffusion- 
1 -r^ -\- >l-Jo! ing alloy. ..A diffusion-^- a s >ldei ing alloy of this type includes a mixture of a high- 
melting metal component and a low-melting metal component, without intermetallic phases 
already having formed. ..Then, a second side of the carrier or semiconductor is coated with a 
second diffusion-^ a - « Joring alloy. ...The first and second diffusion4a-w.yoldcring alloys 
belong to different diffusion-bf& gsoideri ng systems in terms of their composition and metallic 
elements. 



jOOO The first and second diffusion-^w^olkring alloys are matched to one another by 
selection of materials and components in such a manner that the melting points of the 
diffusion-bfaasoldering alloys and of the diffusion-^ .1 - cd joints are staggered in such 
a manner that a first melting point of the first diffusion-^Fa asolderi ng alloy is lower than a 
second melting point of the second diffusion- ing alloy, and that the second melting 

point is lower than a third melting point of a first diffusion-- - . e ed joint of the first 
diffusion = ■■■ 4 : j;ing alloy. 
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first side of the carrier or semiconductor by heating the first diffusion- < - mg alloy to 
the first melting point. ..This forms a first thermally stable diffusion- - cd joint, the 
melting point of which is higher than the second melting point of the second diffusion- 
' ing alloy. ...This is followed by a second substrate being diffusion-;-*;-- - ■■ ■; -; cd to 
the second side of the carrier or semiconductor by heating the second diffusion-W^Ak" ing 
alloy to the second melting point. Since this second melting point is lower than the third 
melting point of the first diffusion-!* cd join?, the existing first difrusion4,».» y y } \. 1- - red 

joint is retained in a thermally stable manner during this multi-stage production with 
staggered melting points of the diffus ion-*^so! : ] :: ring operations. 

Brief Descripti^ 

^ -in panying drawings are included to provide a j 



^:£Di^i!l;L- J^^ 

t ;Ko ;vK-y ; ;:. -.: mi nerals designate corresponding s imilar parts. 

0010 igurc 1 .. - x ^\ a \ o > cross -sectio nal \ k.-v> acarrierwith 
diffusion-fefa gsoldor ed joints to a lower first substrate and to an upper second substrate in 
accordance with one embodimen t of the invention,, , 

[001 ? [ igure 2 shows a diagrammatic cross section through a carrier which has a first 

(Ufmsion4>ffe gsoidcr ing alloy on its underside and a second diffusion-!-**;;.:; .iMojing alloy on 
its top side, before the carrier is diffusion- , ed to a first substrate-. 
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i - ' igure 3 shows a diagrammatic cross section through the carrier shown in 
| fl . igure 2 following first diffusion-b:W:vjdcring of the carrier to the substrate,-. 

! 00* \ igure 4. shows a diagrammatic cross section through the carrier shown in 

| ffigure 3 prior to the application of a second substrate to the top side of the carrier?. 

10014] ff igure 5.. shows a diagrammatic cross section through the carrier shown in 

| ff igure4 following diffusion-- -M-^oUHing of the second substrate to the top side of the 
carrier. 

| 100 J 5] blowing Detailed Description, reference is made to tlx .i-.c^-;i\;:x i;;i: 

| o s !iv -; ; lima a part hereof, and in which is shown b> - v -> \ 

| c^kviiw^ ^hxh the invention may be practice d. Irs this 'v; ^L . : ; 
i icrnisno!o:/v, ;-ach a;-- "lop." ^bottom," '"front.'' "'back," ""icadi rsi: . "-ra etc., is isscd with 



- ! < i i ■ ■ ■v-i i. therefore, is not to be taken in a limiting sense, and the v--;\ ■ f she 
• . •:':••. I '-.. . ; .r.'- ;: ^ i 

100161 T his process for the multi-stage production of diffusion--*:*:- •••Mv:ed joims has the 
advantage that both a diffusion-***^^ 1 ^ ed joint to the underside and a diffusion- 
bm soldered joint to the top side of a carrier are possible, on account of the suitable matching 
of the diffusion-b?3£Soldering systems for the underside and top side of the carrier. _A power 
electronic component which is produced in this way does not have any weak points in the 
joining technology and can therefore be subjected to extremely high thermal stresses. 
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J*s*r In this context, the invention takes account of the fact that a power electronic 
component with semiconductor chips has a substrate onto which semiconductor chips are 
N ed. .....Subsequent sol- k ring of flat conductors to the top side of the 

semiconductor chips would lead to the J^ed rear side becoming detached, which 

restricts the ability of the power component to withstand thermal stresses. ...Therefore, the 

connections on the top side are often not produced b\ * - mg, but rather by bonded 
joints between electrodes on the top side of the semiconductor chips and flat conductors 
which lead outward... Both conventional soldered joints and diffusion v-kk-cd joints of 
the chip rear side to a substrate do not reduce the limited ability of bonded joints on the top 
side of power semiconductor chips to withstand thermal stresses. ......The invention increases 

the ability of power electronic components to withstand thermal stresses by producing 
thermally stable joints both on the rear side of the semiconductor chip and on the top side of 
the semiconductor chip. 

OiHH Tabic 1 shows possible alloying partners for diffusion-^ga gsoldere d joints as well as 
the melting points which it is possible to use prior to formation of intermetallic phases as first 
and second melting points and the melting points of the intermetallic phases which are 
formed in a diffusion h • [dared joint, which should be taken into account as the third 
melting point when employing the process according to the invention. ...This table reveals 
preferred systems for the alloy composition of a first diffasion-fegag solderi ng alloy and a 
second diffusion- ^ s ing alloj 

I QOl 9] A first diffusion- ira soldering alloy, which has a first melting point and a 
composition comprising Ga-yNi where 1% by weight < y < 20% by weight or Ga-xCu where 
1% by weight < x < 40% by weight or Ga-yAg where 1% by weight < y < 40% by weight, 
can be applied to the first side of a carrier or a semiconductor chip. .A second diffusion alloy, 
which includes In-xAg where 1% by weight < x < 30% by weight or Sn-yAg where 1% by 
weight < y < 50% by weight, can be applied to the second side. ...This staggering of the 
diffusion-tet asolderi ng systems has the advantage that the first diffusion- v o ing alloy 

has extremely low melting points between 26°C and 31°C, and the two second diffusion- 
•. -v.- , ej ing alloys which are possible have relatively high first melting points of 144°C or 
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221°C-."' : The last two diffusion- s , ing systems listed in Table 1 cannot be used in 

combination with the first diffusion- ing alloys indicated here, since their low 

melting points, at 280°C and 361°C, respectively, are already higher than some of the melting 
points of the intermetallic phases of the first diffusion-l-^^olkung alloy which form. 

;• ■ If the choice of low-melting first diffusion-.- ing alloys is restricted further, it 

is possible to widen the options for higher-melting diffusion-;.-:^, ! nng alloys to be used. 
For this purpose, a first diffusion- 1, mg alloy of the composition Ga-yNi where 1% 

by weight < y < 20% by weight or Ga-yAg where 1% by weight < y < 40% by weight is 
applied to the first side of a carrier or semiconductor chip. _A second diffusion alloy of the 
composition In-xAg where 1% by weight < x < 30% by weight or Sn-yAg where 1% by 
weight < y < 50% by weight or Au-xSn where 5% by weight < x < 38% by weight, 
preferably where 10% by weight < x < 30% by weight, can be applied to the second side of a 
carrier or semiconductor chip. ...This staggering of the diffusion-; ; • yoring alloys has the 
advantage that even a melting point of 280°C is possible as the second melting point. 

If the first diffusion- ing alloy is restricted to just one diffusion- 

ha —Uoung system, for a te* -oJ.der ing alloy with an extremely low first melting point of 
26°C, it is possible to use a wide range of second diffusion alloys. For this purpose, the first 
side of a carrier or a semiconductor is coated with a diffusion alloy of the composition Ga- 
yAg where 1% by weight < y < 40% by weight. ..A second diffusion-fefag soldoii ng alloy of 
the composition In-xAg where 1% by weight < x < 30% by weight or Sn-yAg where 1% by 
weight < y < 50% by weight or Au-xSn where 5% by weight < x < 38% by weight, 
preferably where 10% by weight < x < 30% by weight or Au-yGe where 4% by weight < y < 
50% by weight, remainder Au, preferably where 7% by weight < y < 20% by weight, 
remainder Au, is applied to the second side. 

[0022] For applications in which a higher first melting point of over 100°C is desirable, the 
first side may have a first diffusion alloy of the composition In-xAg where 1% by weight < x 
< 30% by weight. .Then, a second diffusion alloy of the composition Sn-yAg where 1% by 
weight < y < 50% by weight or Au-xSn where 5% by weight < x < 38% by weight, 
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preferably where 10% by weight < x < 30% by weight, or Au-yGe where 4% by weight < y < 
50% by weight, remainder Au, preferably where 7% by weight < y < 20% by weight, 
remainder Au, is then applied to the second side. 

A staggered diffusion system with a first and second diffusion alloy, in which the first 
diffusion alloy has a first melting point of over 200°C, is possible if the first side has a first 
diffusion alloy of the composition Sn-yAg where 1% by weight < y < 50% by weight. _A 
second diffusion- o ing alloy of the composition Au-xSn where 5% by weight < x < 

38% by weight, preferably where 10% by weight < x < 30% by weight, or Au-yGe where 4% 
by weight < y < 50% by weight, remainder Au, preferably where 7% by weight < y < 20% by 
weight, remainder Au, is applied to the second side. 

[0J .. ■ The highest demands imposed on melting points can be satisfied by staggering first 
and second diffusion s ing alloys in such a way that a first diffusion-^ - - * cung 
alloy of the composition Au-xSn where 5% by weight < x < 38% by weight, preferably where 
10% by weight < x < 30% by weight, is applied to the first side. _A second diffusion- 
fes=a-< ■•kioi ing alloy of the composition Au-yGe where 4% by weight < y < 50% by weight, 
remainder Au, preferably where 7% by weight < y < 20% by weight, remainder Au, is 
applied to the second side. 

[0025] During heating to the bm solder ing temperatures, relatively brittle intermetallic 
phases are formed; although these intermetallic phases do allow a thermally stable joint to be 
produced, if there are differences in the expansion coefficient of the carrier or semiconductor 
chip and the substrates to be joined to it, there is a risk that the substrates will become 
detached from the carriers under thermal loads, on account of the brittle intermetallic phases, 
if the thermal stresses increase on account of the different expansion coefficients of the 
materials. 

f f > If, however, a layer of silver, copper or nickel is applied to each side of the carrier or 
of the semiconductor chip prior to the application of the diffusion- - ing alloys, this 
buffer layer has a damping action and advantageously reduces the stresses. ...This has the 



advantage that an interlayer of silver, copper or nickel or alloys thereof of this type forms a 
mechanical buffer, which enables a hard and brittle layer of intermetallic phases to be joined 
in a relatively soft and resilient manner to the carrier. 

| ,00.r\ For diffusion-fefas^ojdci'ing alloys comprising Au-yGe where 4% by weight < y < 
| 50% by weight, fH^4V;«i?4y-- 5 N 5 7% by weight < y < 20% by weight, 

- provides a buffer layer or interlayer of copper or a copper alloy, since 

intermetallic phases can then form between copper and germanium, with melting points of 

614°C for Cu 3 Ge and 742°C for Cu 5 Ge. 

(00281 Silver or copper layers as buffer layers may pr e ferab l y -also be used prior to the 
application of a diffusion- 3 s ing alloy comprising Sn-yAg where 1% by weight < y < 
50% by weight or Au-xSn where 5% by weight < x < 38% by weight, ^ tei* 
embodiment where 10% by weight < x < 30% by weight. 

\nn><}\ T o avoid diffusion or alloying of the metal components of the alloys or buffer layers 
with a semiconductor chip material or a metalization material, such as aluminum for 
semiconductors, a layer sequence comprising a structured aluminum layer and a titanium 
layer deposited on top of it is applied prior to the application of a diffision-fefa zsolderi ng 
alloy to the sides of a semiconductor chip. ...The aluminum produces a low-resistance 
transition to the semiconductor material, and the titanium serves as a diffusion barrier to the 
I various metal components of the diffusion-!*! .1 • ■Ue* ing alloys. 

I |(H|30 A further aspect of the invention provides a power electronic component with a 
I semiconductor chip, the rear side of which is diffusion- , ed to a chip island. ...Flat 

conductors are diffusion-*- s.( ed to contact surfaces on the top side of the 
semiconductor chip. ...The , 0 ed joins include different diffusion- ing 

systems, with a first diffusion-toasoMering alloy on the rear side and a second diffusion- 
• . ing alloy on the top side of the semiconductor chip. ..For this purpose, the first and 
second diffusion-: -* = ing alloys have different melting points. 




It is in this case possible to use the diffiision4w m <Kioung systems listed above. 
Each of the semiconductor chips of the power component has a layer sequence made up of 
aluminum and titanium directly on both its rear side and its top side, in order to avoid 
diffusion and reaction of the components of the alloy with the aluminum and the 
semiconductor material. A metal layer as buffer layer of copper or silver or nickel or alloys 
thereof may be arranged on the sides between this layer sequence and the diffusion- 
fef^soldcring alloys, in order on the one hand to promote the formation of a diffusion- 
fa>zsoii.k-red joint and on the other hand to allow a mechanical buffer for the different 
expansion properties of semiconductor chips and substrates. 

|0032£ To summarize, it can be stated that a high-melting joint comprising intermetallic 
compounds, the melting point of which following the joining operation is higher than the 
subsequent process temperatures, can be formed by using suitable alloy metalizations on a 
semiconductor chip. __To enable a semiconductor chip rear side to be joined to the 
corresponding substrate first, and then a semiconductor chip top side to be joined to the 
corresponding substrate, two different alloy systems, which are suitable on account of their 
melting and joining properties, are used. 

(0033 j For example, for hot-joining of a first chip side by means of Au-Sn (T me it = 280°C), it 
is possible to form a high-melting metallurgical contact comprising intermetallic phases with 
the first substrate. _A silver layer is used firstly as a reaction partner for Au-Sn and secondly 
as a mechanically soft buffer to compensate for any differences in the expansion coefficients 
between substrate and semiconductor chip. In this case, at a first temperature of 280°C, the 
alloy on the second chip surface, which has a diffusion-bra sj dej ing alloy comprising Au- 
Ge (T me it = 361°C), should not melt and the reaction of the corresponding intermetallic phases 
of this second diffusions f ing alloy should not be started. 

[0034] In this context, minimal solid-state diffusion can be ignored. .In a second diffusion- 
; • . ing step, the chip, which has already been joined to the first substrate, can then 
again be introduced into a hot process, in which the other, second side of the semiconductor 
chip surfaces is then joined to the second substrate. _The second metalization system or 
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diffusion-**- ing system includes Au-Ge, and the buffer used in this case is a copper 

layer, which simultaneously serves as a reaction layer. .Since the first diffusion- s ing 
alloy is already fully alloyed, it will no longer melt, especially since the diffusion- 
Mng temperatures of the intermetallic phases of the first diffusion- , ing 

system have a melting point > 400°C. 

^00 X\ The use of two diffusion H-a k o ing solders as metalizations on the top side and 
rear side of a semiconductor chip with two different melting points can allow staged jointing 
firstly of one side and then of the other side without the second diffusion ring solder 

melting during the first jointing step, so that it reacts and can become unusable. _On account 
of the use of different diffusion i=> ing solders, the present invention only allows a 

second jointing process at a high temperature, since when joining by the formation of an 
alloy, the melting point of the first joint increases so as to be higher than the melting point of 
the second joint 

10036] If appropriate, a "diffusion-bra sso le ing alloy" is also to be understood as meaning a 
difmsion-feaKSoldering mixture. ..This applies in particular if no intermetallic phases have yet 
been produced. .In a preliminary state of this type, the fractions of the subsequent alloy are 
already present as components. ..When it uses the term "diffusion-fem gsokk-r ed joim ; ", the 
invention relates to the states of the later alloy with intermetallic phases in the microstructure. 

= ^i-'! ^ . ,v-^8-e*p4a;me44ft-fl^ 



•■ ^ Figure 1 shows a diagrammatic cross section through a carrier 12 made from a 
semiconductor chip material with diffusion-*^ - « , o cd joints 16 to a lower first substrate 4 
and an upper second substrate 5 in accordance with one embodiment of the invention. On its 
underside 2, the carrier 12 has an aluminum coating 20 which is covered by a titanium layer 
21. ...This layer sequence 19 protects the aluminum and the semiconductor material of the 
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carrier 12 from the components of the diffiision-bfa asolder ing systems. ..In this case, the 
titanium layer forms a diffusion barrier and therefore also protects the aluminum layer. 

iilill^i.The diffusion-b^sokk red joints 16, 17 are matched to one another in such a manner 
that first of all the diffusion- \ > , ed joint 16 can be produced at a low, first melting 
point, forming intermetallic phases, so that the second diffusion-^- vkkred joint 17 can be 
realized at a significantly higher, second melting point;--... .The first diffusion-test soldered 
joint 16 in practice joints the rear side of a semiconductor chip 13 to a substrate 8, which is 
designed, for example, as a chip island 7, with a buffer layer 1 8 of copper or silver or alloys 
thereof being arranged as buffer and compensation layer between the diffusion-tea solder ed 
joint 16 and the semiconductor 13. ..This buffer layer 18, if it includes silver, is at the same 
time a reservoir of silver for forming the diffusion-bm- ssolder ed layer 16. 

[0039] In a first embodiment of the invention, the diffusion-bfa asolder ed layer 16 is formed 
from a diffusion-bfa soldering alloy which comprises Au-xSn where 10% by weight < x < 
30% by weight. ..The buffer layer 18 is composed of silver. ..The high thermal stability of this 
diffusion-ku- -^ui^cd layer 16 is based on intermetallic phases between silver and tin, 
namely Ag 3 Sn, with a melting point of 480°C, and Ag 5 Sn, with a melting point of 724°C. 
These melting points of the intermetallic compounds are significantly higher than a second 
melting point which is required for the formation of the second difrusion4*a-^okb>ed layer 
17. JThis second diffusion-^.: s >ldcred layer 17 is arranged on the top side 3 of the carrier 
12. 

00401 On account of the semiconductor chip material used in this embodiment of the 
invention, the top side 9 of the semiconductor 13 is initially covered by the layer sequence 19 
comprising an aluminum layer 20 and a titanium layer 21. .This is followed by a buffer layer 
18 comprising copper. ..The diffusion-^; i-v>I.kred layer 17, which is joined to a second 
substrate 5 in such a manner as to withstand high temperatures, is arranged on this buffer 
layer 18. 
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The high thermal stability of the second diffusion-mw-Nojdorcd layer 17 is achieved 
by intermetallic phases comprising copper and germanium. ...In this case, the intermetallic 
phase Cu 3 Ge has a melting point of 614°C, and the intermetallic phase Cu 5 Ge has a melting 
point of 743 °C. ..In this embodiment of the invention, the second substrate is a flat conductor 
structure which is joined to contact surfaces of the semiconductor 13 by means of a diffusion- 
tea solder ing process. 

i ^ The overall structure as revealed in ffigure 1 represents a diagrammatic cross section 
through a power electronic component 11, which is both mechanically and thermally 
optimized on account of the diffusion- * v cd joints 16 and 17 and the buffer layers 18. 
In this context, the buffer layer 1 8 ensures that thermal stresses between the substrates and 
the earner are compensated for, and the diffusion-^ \ v J> <ed layers 16 and 17 ensure that a 
thermally stable joint to the substrates is maintained even at high operating temperatures of a 
power electronic component. 

0043] Figures 2 to 4 show the production of diffusion-fefasgoldered joints on a carrier 12, as 
shown in ffigure 1, in stages. 

[0044[_A first stage of this production process is shown in ffigure 2, which shows a 

diagrammatic cross section through a carrier 12, which has a first diffusion-K« Coring 

alloy 14 on its underside 2 and a second diffusion- ^ * m- oaring alloy 15 on its top side 6. ...A 
buffer layer 18, which is composed of silver or copper on the underside of the carrier and has 
a copper layer on the top side of the carrier, is arranged between the diffusion-^ <> sol] ing 
alloys 14 and 15 and the carrier 12. ..Furthermore, to protect the semiconductor material of the 
carrier 12, a layer sequence comprising aluminum and titanium has been applied to the sides, 
the aluminum producing good contact with the semiconductor material and the titanium 
serving as a diffusion barrier for the material of the buffer layers, so that they do not react 
either with the aluminum or with the semiconductor material. A carrier 12 which has been 
prepared in this manner can then be placed onto a first substrate 4 and joined by way of the 
underside 2 of the earner 12 in a diffusion- - ing process. 



12 




Figure 3 shows a diagrammatic cross section through the carrier 12 shown in ffigure 

2 after first diffusion-; ■ do ing of the carrier 12 onto the first substrate 4 or 8 at a melting 
point of over 280°C. .This melting point 280°C is required since the diffusion- < - ing 
alloy 14 includes Au-xSn where 10% by weight < x < 30% by weight. ...The intermetallic 
phases formed at this first melting point of 280°C include Ag 3 Sn with a melting point of 
480°C and AgsSn with a melting point of 724°C. ..On account of the high first melting point 
of 280°C, the time required for the diffusion4H^d jcring is significantly shorter than when 
using diffusion- ing alloys with low first melting points of less than 50°C. 

lien intermetallic phases are being formed in the diffusion- : ; :ed join; 16, 
some of the buffer layer 1 of silver can be consumed as a reaction partner for the intermetallic 
phases, which is represented in ffigure 3 by a reduced thickness of the buffer layer 18 
compared to the buffer layer 18 shown in ^Figure 2. 

[00 { Figure 4 shows a diagrammatic cross section through the carrier 12 shown in ffigure 

3 prior to the application of a second substrate 5 or 10 to the top side 3 of the carrier 12. 
This second substrate may comprise flat conductors which are to be applied to contact 
surfaces of a semiconductor chip top side. ..The carrier 12 therefore includes a semiconductor 
material, which is initially provided with a low contact resistance to the semiconductor chip 
material by means of an aluminum layer 20, and then a diffusion-inhibiting titanium layer 21 
is arranged on the aluminum layer 20. ...This layer sequence 19 is followed by a buffer layer 
18, which on the top side 3 of the carrier 12 consists of copper. This copper is matched to the 
diffusion-bfa gsolder ing alloy 15 comprising Au-yGe where 7% by weight < y < 20% by 
weight, remainder Au, so that intermetallic phases of copper and germanium are formed at 
the second melting point of over 361 °C. JThe melting point of the intermetallic phases 
comprising Cu 3 Ge and Cu 5 Ge are 614°C and 743 °C, respectively. ...Prior to diffusion- 
K : v ■ -ring, the second substrate 5 is pressed onto the second diffusion- !- ring alloy 
15, and a diffusion-^-, sc red joint, as shown in ffigure 5, is formed at the corresponding 
W- . ing temperature of over 361°C. 
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Figure 5 shows a diagrammatic cross section through the carrier 12 shown in ffigure 
4 after diffusion - ikririg of the second substrate 5 onto the top side 3 of the carrier 12 
has taken place. ..This high melting point of over 361°C allows rapid diffusion foasaoldering 
without the diffusion -v t v.-kk ring 16 on the underside of the carrier 12 being damaged, 
especially since the melting points of the intermetallic phases which have formed there are 
greater than 400°C. 

HHht^i .\ :*:••••.;.. . .:;.;:> :• . k\ : * k;-: :;,'k .;:;J • v .:-]....U..^i!l.]>e 

\ k - .•:.!'•:. k -l : : h " lU :• :. '. . : i :; ! :': : .: : ' .: : : i .•• O- : : : k : 

^^ k^iOiUayons may be substituted for the specific or - - - 
v k!.Lk:.:kLk^r — ; •• : ••' ^'• : r- •••iki-o/:.. •.;:'. . .--.ik ;:. '. i-l k. ;\ ;:;;•. ;:ock :•• 

o^ i ada ptations or variations of the specific embod i-ro . - ^ . 1:0: ■ iho- k>;o 
:: ::::- s --: ■ v.f r-\ -\: I )<■ ; limited only by the claims and the eq ^- 
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